Humans with amblyopia have a well-documented loss of sensitivity for first-order, or luminance defined, visual information. Recent studies show that they also display a specific loss of sensitivity for second-order, or contrast defined, visual information; a type of image structure encoded by neurons found predominantly in visual area A18/V2. In the present study, we investigate whether amblyopia disrupts the normal architecture of spatial interactions in V2 by determining the contrast detection threshold of a second-order target in the presence of second-order flanking stimuli. Adjacent flanks facilitated second-order detectability in normal observers. However, in marked contrast, they suppressed detection in each eye of the majority of amblyopic observers. Furthermore, strabismic observers with no loss of visual acuity show a similar pattern of detection suppression. We speculate that amblyopia results in predominantly inhibitory cortical interactions between second-order neurons.
Introduction
Amblyopia is a disorder of spatial vision, usually present in one eye, which results from discordant binocular input to the visual cortex during development. Amblyopia is typically associated with strabismus (eye misalignment) or anisometropia (unequal refractive error). A loss of contrast sensitivity for first-order (luminance defined) spatial information is well documented in amblyopic eyes, and is widely attributed to neural deficits at the level of striate cortex (V1) (Kiorpes & McKee, 1999) . Neurophysiological studies have shown that the response of V1 neurons to a first-order, near threshold stimulus placed within its receptive field can be facilitated (response increased) (Bakin, Nakayama, & Gilbert, 2000; Kapadia, Ito, Gilbert, & Westheimer, 1995; Nelson & Frost, 1985; Polat, Mizobe, Pettet, Kasamatsu, & Norcia, 1998) or suppressed (response reduced) (Knierman & Van Essen, 1992; Levitt & Lund, 1997; Walker, Ohzawa, & Freeman, 1999) by flanking first-order stimuli. The type of interaction, i.e., facilitatory or suppressive, depends upon the spatial distance between target and flanks, the relative orientation difference between the elements that comprise the target and flanks, and the magnitude of the flank contrast (Kapadia, Westheimer, & Gilbert, 1999; Polat et al., 1998) . Such cortical interactions are thought to form the cellular basis to psychophysical demonstrations of enhanced visibility for first-order stimuli flanked by facilitatory masks. Psychophysical studies have shown that target and flank conditions which produce facilitation (lower the contrast detection threshold) in normal eyes (Kapadia et al., 1995; Levi, Hariharan, & Klein, 2002; Polat & Sagi, 1993 Yu, Klein, & Levi, 2002) can result in suppression (increase the contrast detection threshold), or reduced facilitation, in amblyopic eyes Polat, Sagi, & Norcia, 1997) . However, Sagi (2004, 2005) has reported reduced facilitation in amblyopic eyes only for high spatial frequency stimuli, and in strabismic amblyopes more than anisometropic amblyopes.
Neurophysiological studies have shown that the transition from facilitatory to suppressive interactions reflects the spatial distribution of target and flanks either within the classic receptive field (CRF) or its inhibitory surround. The excitatory CRF and larger (P2·) overlapping inhibitory region form a center-surround mechanism (Angelucci et al., 2002; Cavanaugh, Bair, & Movshon, 2002a , 2002b in which stimulation of the annular surround suppresses the CRF response through divisive modulation of the response gain but can not drive the CRF directly (Cavanaugh et al., 2002a (Cavanaugh et al., , 2002b . Anatomical evidence indicates that the excitatory spatial limit of the CRF is formed by horizontal connections within V1 (i.e., connections between cortical columns) and the inhibitory surround is largely formed by feedback connections from V2 to V1 (Angelucci et al., 2002; Cavanaugh et al., 2002a ; but see Stettler, Das, Bennett, & Gilbert, 2002) . Therefore, the abnormal pattern of spatial interactions for first-order visual stimuli reported in amblyopic observers could result from either abnormal horizontal connections in V1, and/or feedback connections from V2 to V1.
In comparison with the striate cortex, much less is known about the effects of amblyopia on extra-striate cortical structure and function. Visual processing in the extra-striate cortex (V2) can be investigated using second-order spatial stimuli, e.g., a visual stimulus defined by contrast modulations. Contrast modulation frequencies are not represented in the Fourier spectrum of an image, and therefore demodulation is required for stimulus detection-this has been extensively modeled as a filter-rectify-filter processing cascade (Chubb & Sperling, 1988) . Briefly, luminance modulations of high spatial frequencies undergo linear filtering in V1, the output is rectified (the demodulation step), and this enables contrast modulations of low spatial frequencies to be detected by a second-stage of linear filtering. There is compelling psychophysical evidence that first-order and second-order spatial information can be processed independently in the visual cortex (Schofield & Georgeson, 1999 Willis, Smallman, & Harris, 2000) . Furthermore, physiological studies in cat (Mareschal & Baker, 1998; Zhou & Baker, 1994) and monkey (Leventhal, Wang, Schmolesky, & Zhou, 1998; von der Heydt & Peterhans, 1984 , 1989 place the locus of the second filtering stage predominantly in area 18/V2.
In a previous study, we demonstrated a specific loss of second-order sensitivity in individuals with amblyopia (Wong, Levi, & McGraw, 2001 ). However, it is presently unknown whether the pattern of spatial interactions which occur in the visual cortex of normal, or amblyopic observers, are qualitatively or quantitatively similar for first-and second-order stimuli. We examine this issue by psychophysically determining contrast detection threshold for a second-order target in the presence of collinear or orthogonal second-order flanks (equated for visibility) in normal observers (control), amblyopic observers, and observers with strabismus but no loss of visual acuity. We found the flanking effect to be facilitative in normals but suppressive in each eye of most amblyopic and strabismic observers (subsequently referred to as non-control observers). We speculate that human amblyopia results in predominantly inhibitory horizontal interactions between second-order neurons.
Methods

Observers
Six amblyopic observers, two observers with strabismus but no loss of visual acuity, and five normal (control) observers participated in the experiment. All observers were adults and the visual characteristics of the non-control observers are presented Tables 1A and B. Control observers had normal or corrected-to-normal vision. All observers were highly practiced at making psychophysical judgements, wore refractive correction as required, and all but the author (EW) were naïve to the task. Informed consent following the guidelines of either the University of Houston or the University of California was obtained from all observers prior to data collection.
Apparatus
Stimuli were generated using the macro capabilities of NIH Image 1.62f (available from http://rsb. info.nih.gov/nih-image/). The host computer was an Apple Power Macintosh 6500/225 and stimuli were presented on a Dell monitor (21-inch screen, resolution 1024 · 768 pixels, frame refresh rate 75 Hz, and mean luminance 15 cd/m 2 ). The monitor output was made linear over the entire range used in the experiment via calibration with a photometer (Minolta LS-110 digital luminance meter). To obtain accurate control of luminance contrast we increased the number of intensity levels from 8 to 12 bits by combining the outputs of the red, green, and blue guns via a video summation device (Pelli & Zhang, 1991) .
Stimuli
We used stationary, contrast modulations of random static noise as second-order stimuli (Fig. 1 ). Stimuli were constructed by multiplying a random static noise background by a 2-D Gabor, and are mathematically described by:
where L mean is the mean luminance of the background, rand is a uniformly distributed random variable between 0 and 1, C is the contrast of the modulation, F is the spatial frequency of the modulation, / is the spatial phase, r is the standard deviation of the Gaussian envelope, and x and y are the respective horizontal and vertical distances from the peak of the Gaussian envelope. Each pixel subtended 0.93 min of arc at a mean viewing distance of 1.4 m and noise patches were 4 · 4 square pixels. The luminance increment or decrement of each noise patch was taken randomly from a uniform distribution. The mean contrast of the noise background was 50%. The contrast of each noise patch depended on the value of the convolving sinusoid at that position. The stimulus area (768 · 256 pixels) was centered within the screen and contained a horizontal target and flanks (collinear or orthogonal pair) of equal spatial frequency (1.0 or 2.0 c/deg). The standard deviation (r) of the 2-D Gabor for all stimuli was 1k (where k = 1 carrier cycle). This produced targets and flanks of equal bandwidth, spatial isolation at the smallest separation (4k), and decreasing center-to-center separation as spatial frequency increased. Flanks were equidistant from the target and we tested separations (center-to-center) of 4, 5, 6, and 8k. Separations from 1k to 3k were not tested to avoid overlap between target and flanks. Three sets of stimuli were created and used randomly during the experiment to offset any luminance artifacts produced from the clumping of random static noise.
Experiment
We used a lateral masking design (Polat & Sagi, 1993) and incorporated normalization of flank contrast between all observers. We measured second-order contrast detection for (a) flanks, (b) horizontal target, and (c) horizontal target in the presence of collinear (horizontal) or orthogonal (vertical) flanks (at 2· and in some cases 4· the contrast detection threshold measured in (a)). For all measurements, the observer sat in a darkened room, head positioned on a chin rest, non-tested eye occluded with a black patch, and fixating the center of the screen. We tested each eye of the non-control observers, and the dominant eye of the control observers.
For measurement (a) we used a method of limits paradigm consisting of a self-paced, 7-step staircase (contrast changes in .075 log steps). Stimulus duration was 500 ms and the inter-stimulus interval (500 ms) contained an un-modulated random noise field of the same size and average Michaelson contrast (50%) as that contained in the stimulus intervals. Each run contained 25 trials, and threshold was calculated from pooling at least 10 consecutive runs taken over 2 or more days.
For measurement (b) and (c) we used a self-paced, temporal two-alternative forced-choice paradigm with the method of constant stimuli. Flanks were presented in each of two 500-ms stimulus intervals, separated by a 500-ms interval as in measurement (a), and, respectively, signaled by simultaneous single or dual tones. The subjectÕs task was to detect the target presented randomly in one of the stimulus intervals. A keyboard press signaled the response and no feedback was given. Each trial contained the target at one of seven contrast levels (in .075 log steps), chosen to span the psychometric function, and presented in random order. Each run consisted of 145 trials, with the first 5 being discarded to allow for task adaptation, and tested one combination of spatial frequency and flank to target separation. We collected at least 5 consecutive runs over 3 or more days and calculated contrast detection threshold (75% correct response) by Weibull function fit to the data.
We note that in pilot studies amblyopic observers were unable to perform the experimental task adequately when stimuli were presented for 200 ms. We therefore used 500 ms stimulus presentations in all experimental measures.
Results
All observers viewed second-order stimuli consisting of 1 c/deg (modulation frequency), non-overlapping target and flanks (center-to-center separations of 4, 5, 6, and 8k) (where k (wavelength) = r, the standard deviation of the Gaussian window) (Fig. 1) . We calculated a threshold modulation ratio: (contrast detection threshold with flanks)/(contrast detection threshold without flanks), for the dominant eye of normal observers, amblyopic eye (AE) and fellow non-amblyopic eye (NAE) of amblyopic observers, and the right eye (RE) and left eye (LE) of non-amblyopic observers with strabismus. Threshold modulation ratios greater than 1 indicate suppressive interactions, whilst ratios less than 1 indicate facilitative interactions. We plot threshold modulation ratio as a function of target to flank separation.
We found that normal eyes showed facilitation in the presence of both collinear and orthogonal flanks at 4, 5, and 6k separation with a reduced effect at 8k (Fig. 2) . Note that the target-flank separation is specified in both degrees and wavelengths (k)-which are identical at a stimulus spatial frequency of 1 c/deg. The amount of facilitation was essentially equal for flanks of 2· or 4· their flank contrast detection threshold (flank detection data not shown). Therefore, facilitative interactions in normal observers appear to be independent of flank orientation and contrast for second-order stimuli. At 2· flank contrast detection threshold, the mean facilitation at 4k (the separation producing the greatest effect) was 13% ± 4% for collinear flanks and 11% ± 4% for orthogonal flanks. We subsequently tested all non-control observers at 4k separation, and most observers at 5, 6, and 8k separations, with flanks set at twice the flank contrast detection threshold.
In marked contrast to normal observers, we found that flanks suppressed target detection thresholds in each eye of the majority of non-control observers. Fig. 3 presents data from each eye of all non-control observers, tested at 4k separation. Collinear flanks produced suppression in both eyes of five amblyopic observers, and in 3 of 4 eyes of strabismic, non-amblyopic observers WS and RC (non-dominant eye shown as AE and dominant eye as NAE) (Fig. 3A) . Amongst amblyopes, observer DS showed the largest amount of suppression (38% ± 12%). All amblyopic observers generally showed very similar amounts of suppression in each eye.
Orthogonal flanks at a separation of 4k produced suppression in all amblyopic and non-dominant eyes (Fig. 3B) . For each of these eyes the amount of suppression was very similar to that produced by collinear flanks (Fig. 3A) . In contrast, orthogonal flanks produced suppression in only 3 of 6 non-amblyopic eyes (DS, JF, and AM) and 1 of 2 dominant eyes (RC) (Fig. 3B) . Interestingly, the non-amblyopic eye of observer RH showed the largest amount of suppression for orthogonal flanks (39% ± 10%), which was very similar to the largest amount produced by collinear flanks (36% ± 12%, amblyopic eye of observer DS).
Overall, our findings indicate that target detection thresholds are clearly influenced by neural activity associated with both collinear and orthogonal flanks. In visually normal observers, the presence of these flanking stimuli enhance detection, whilst in non-control observers they impair detection, in most cases regardless of the eye investigated. This strongly suggests that the mechanism that mediates facilitation, or suppression in the case of non-control observers, has a cortical locus at or beyond the site of binocular combination. In support, the amblyopic observers who showed the least amount of suppression (Fig. 3-JF and AM) were not strabismic and amblyope AM had demonstrated some residual binocular function in the form of gross stereopsis (320 00 ). The amount of suppression shown by non-control observers decreased as the separation between target and flank increased, and dissipated almost entirely at a separation of 8k (Fig. 4) . This is demonstrated by data from four amblyopic observers who showed suppression by both collinear and orthogonal flanks. Taken together with the results from normal observers (Fig. 2) , it is likely that a separation of 8k reflects the spatial limits of the inhibitory surround on the CRF (see Section 4).
The non-control observers had higher contrast detection threshold for flanks (data not shown) which limited the contrast level at which flanks could be presented at twice their respective detection threshold-the exception being amblyope DS. Whilst the normal observers showed similar interactions for different levels of flank contrast, when tested with flanks at 4· detection threshold the amblyopic eye of DS showed reduced suppression for both collinear (0% ± 9% vs 38% ± 12%) and orthogonal flank conditions (10% ± 10% vs 36% ± 12%) (Fig. 4) . The reduction in target suppression may reflect the unmasking of excitatory connections by higher levels of flank contrast (see Section 4).
For our sample of non-control observers, we found no association between flank-induced suppression and absolute second-order sensitivity (isolated target detection threshold in the absence of flanks, relative to normal observers). This was the case for amblyopic (or non-dominant) eyes (Fig. 5A ) and fellow non-amblyopic (or dominant) eyes (Fig. 5B) . These results also demonstrate that flank-induced suppression is not associated with visual acuity (Tables 1A and B) .
In control experiments we found that flank-induced suppression in non-control observers was relatively immune to changes in scale and size (Fig. 6) . Amblyopic observers showed flank-induced suppression for 2 c/deg stimuli at similar target to flank separations (4k and 5k) as the 1 c/deg stimuli. The overlap of the 2 c/deg data (representing 2 and 2.5°separations) and 1 c/deg data (representing 4 and 5°separations) suggests that the suppressive effects are invariant to spatial frequency (scale) and size. Physiologically, this suggests the presence of different size CRF-surround mechanisms in V2, operating over a large range of cortical distances.
Discussion
We report novel visual deficits in amblyopic observers, and strabismic observers with no loss of visual acuity, which result from anomalous interactions between spatially isolated, second-order visual stimuli. Specifically, under conditions where normal (control) observers show enhanced visual performance, non-control observers show a very different pattern of spatial interaction: in virtually every case, visual sensitivity is compromised by the presence of nearby stimuli. Taken together, the results of this study, when considered in light of known physiology of second-order processing, represent an amblyopic deficit at an early stage of extra-striate visual processing (V2).
Almost all amblyopic observers showed suppression in each eye, both amblyopic and preferred, often of almost equal magnitude. Furthermore, strabismic observers RC and WS showed suppression in both eyes (Fig.  3) , without any loss of visual acuity or second-order sensitivity in either eye (Fig. 5 and Table 1B been expected, given the predominantly binocular nature of V2 neurons (Hubel & Livingstone, 1987) .
In normal observers, collinear and orthogonal flanks facilitated second-order contrast detection thresholds by approximately 12% (Fig. 2) . This value is somewhat lower than that found for first-order stimuli (up to 50%) Polat & Sagi, 1993; Yu et al., 2002) . A similar relationship has been shown for contrast discrimination: the reduction of apparent (suprathreshold) contrast by flanking stimuli is significantly less for second-order cues than for first-order cues (Ellemberg, Allen, & Hess, 2004) . Previous studies examining the degree and nature of flank-induced facilitation for first-order visual stimuli present a somewhat contradictory picture. Some studies suggest that facilitation is orientation dependent (and is greatest for collinear flanks and targets) (Polat & Sagi, 1993) , whilst others posit orientation independent mechanisms Yu et al., 2002) . The results of the present study show qualitative agreement with the latter class of first-order studies where the magnitude of facilitation is unrelated to the internal image structure of isolated patches. Therefore, facilitation of contrast detection thresholds, by both first-order and second-order flanking stimuli, appears to involve a process that pools information across a broad range of oriented filters. Physiologically, this suggests that horizontal connections exist between neurons with a range of different orientation preferences, rather than being restricted to connecting common orientations. Our results suggest orientation independence: both collinear and orthogonal flanks produced nearly equal facilitation in control eyes (Fig. 2) , and nearly equal suppression in the major-A B Fig. 5 . Flank effect is not associated with absolute second-order contrast sensitivity. Data are from (A) amblyopic eyes (AE) and (B) fellow non-amblyopic eyes (NAE). For each eye, threshold modulation ratio for collinear flanks (filled symbols) and orthogonal flanks (open symbols) is plotted against relative sensitivity for the isolated target. Relative sensitivity = (contrast detection threshold)/(average contrast detection threshold for five normal observers). For observers RC and WS (both strabismic without loss of visual acuity), their non-dominant eye is represented as AE and the dominant eye as NAE. ity of amblyopic eyes as well as the fellow preferred eyes (Fig. 3) . Furthermore, Ellemberg et al. (2004) reported that in normal observers, flank orientation effects on contrast discrimination were more broadly tuned for second-order stimuli than for first-order stimuli. For the large flank to target separations used in this study, we hypothesize that our results indicate a CRF-surround mechanism in which the surround input to the CRF is broadly tuned to orientation.
We used spatially isolated stimuli and thus did not measure the previously reported suppression effects produced at small target-flank separations (1k-2k) when using first-order stimuli (Polat & Sagi, 1994) . Suppression results from the overlap of supra-threshold flanks that effectively transform the task from one of contrast detection, to contrast discrimination. The latter task produces contrast increment thresholds that are greater (poorer) than the corresponding contrast detection threshold measured at wider flank-target separations. Our finding that spatially isolated stimuli up to 4°-6°produced suppression in non-control observers and facilitation in normal observers possibly suggests unequal CRF sizes between the two groups. However, we have recently conducted a spatial summation experiment using identical stimuli (Wong & Levi, in press) and found that amblyopic and normal observers show similar performance, i.e., a similar improvement in contrast detection threshold as target size increases (up to 8°at 4r). This suggests that the spatial extent of the CRF is similar in non-control and normal observers. In total, it is more probable that the findings in the present study reflect the influence of the flanking stimuli on the balance between the CRF-surround gains, rather than an elaborate recruitment of horizontal connections over large cortical distances (but see Stettler et al., 2002) . Furthermore, the inhibitory surround in non-control observers appears to exert a greater influence than that seen in normal observers.
Through psychophysical measures we can only infer, based on contemporary neurophysiology (see Section 1) that the amblyopic deficits found in this study reflect neural deficits in V2. An alternative or contributory mechanism could be deficient reentrant connections to V2 from higher-order visual areas; connections analogous to those found to V1 (for a review see, Angelucci & Bullier, 2003) . A feedback mechanism is especially relevant to this study in light of evidence that second-order cues stimulate neurons in primate MT (OÕKeefe & Movshon, 1998) and multiple extra-striate areas in humans via fMRI (Mendola, Dale, Fischl, Liu, & Tootell, 1999; Smith, Greenlee, Singh, Kraemer, & Hennig, 1998 ; but see Nishida, Sasaki, Murakami, Watanabe, & Tootell, 2003) . Furthermore, greater influence from feedback mechanisms may have occurred due to our use of 500 ms stimulus presentations.
Another possible explanation for our results is that the imbalance between excitation and inhibition reflects an imbalance in the excitatory and inhibitory inputs to second-order neurons from first-order (V1) neurons (Morgan & Baldassi, 1997) . However, we note that our amblyopic observers show these abnormalities at low spatial frequencies (1 and 2 c/deg) where amblyopic observers show normal facilitation with first-order stimuli of similar spatial frequency (Polat et al., 2004 (Polat et al., , 2005 . Moreover, our use of static, random noise as the carrier in the second-order stimuli greatly reduced the likelihood that side-band spatial frequencies (first-order structures produced by the modulation of the carrier) contributed to the interactions between the second-order stimuli. That is, prominent side-bands could elicit firstorder spatial interactions (abnormal in amblyopic observers) that could then be passed forward to the second-order mechanism (i.e., filter-rectify-filter model). However, past studies show that side-bands, and their adjacent spatial frequencies, are more likely to be significant in second-order stimuli that contain a grating carrier of high contrast rather than a noise carrier (of any contrast) (Dakin & Mareschal, 2000; Jamar, Campagne, & Koenderink, 1982) .
Our hypothesis, of altered CRF-surround gain mechanisms in second-order neurons, predicts that in normal observers, flanks disinhibit the (tonic) surround suppression. Disinhibition is plausible because the flanks were present in each trial (500 ms each) of the two-alternative design, thereby acting as an almost constant mask. In this situation, the contrast detection threshold reflects the state of contrast adaptation of the inhibitory surround. A reduction in inhibition produces an increase in the CRF gain and a net facilitation of visual sensitivity. Psychophysically, the increase in CRF gain is demonstrated by an improvement in contrast detection threshold. In the first-order domain, improved contrast sensitivity following adaptation to flanks has been shown by Ejima and Takahashi (1985) . We speculate that an analogous mechanism could occur for secondorder stimuli.
Our hypothesis also predicts that for non-control observers that showed suppression, the flanks did not completely disinhibit the (dominant) surround. The net effect of surround stimulation on the CRF would be inhibition, or less excitation, relative to normal observers. Psychophysically, the inhibition of the CRF is demonstrated by an increase (deterioration) in contrast detection threshold. This finding appears to be specific to second-order stimuli in light of evidence that firstorder stimuli of low spatial frequency, like that used in our study, produce nearly equal amounts of flank-induced facilitation in amblyopic and normal observers (Polat et al., 2004 (Polat et al., , 2005 . A stronger inhibitory surround could represent a shift in the balance of horizontal excitatory and inhibitory connection strength between second-order neurons, i.e., a functional increase in inhibition between second-order neurons.
Exactly this type of inhibition-dominated network is supported by the results of amblyope DS who showed substantially less suppression in both eyes when flank contrast was doubled (the other amblyopic observers could not be tested at four times flank detection contrast). The visual performance of normal observers, on the other hand, remained unchanged under identical conditions (Figs. 2 and 4) . The reduced suppression effect shown by amblyope DS could be explained by the mechanism of short-term plasticity-in this case further disinhibition resulting in an unmasking of subthreshold excitatory connections to supra-threshold activity. The limited contrast range for second-order flanks prevented other amblyopic observers from being tested at 4· detection contrast. The presentation of stimuli for greater than 500 ms may have also produced further disinhibition, i.e., greater contrast adaptation of the inhibitory surround; however, we did not test this condition.
Although the horizontal connections and CRF-surround mechanism in V2 are largely unexplored, an inhibition-dominated network in amblyopia appears likely based on evidence from V1. Synaptic weighting has its basis in the reciprocal connections between columns of similar orientation in striate cortex (Weliky, Kandler, Fitzpatrick, & Katz, 1995) and the balance of neural input (push-pull arrangement) is modeled to determine the contrast gain of single neurons (Carandini, Heeger, & Movshon, 1997) . In strabismus, anomalous horizontal connections are found following abnormal visual experience during development in cat (Lowell & Singer, 1992) and monkey (Tyschen & Burkhalter, 1995) , and may explain the less robust synchronization between neurons responsive to the amblyopic eye in cat (Roelfsema, Konig, Engel, Sireteanu, & Singer, 1994) . Moreover, inhibition dominated horizontal connections between both ocular dominance columns and orientation columns are thought to underlie the interocular suppression seen in strabismus (Sengpiel & Blakemore, 1996) . These evidences lead us to speculate the existence of analogous mechanisms in V2.
In summary, we found that spatially isolated, secondorder stimuli produced facilitatory interactions in normal observers but suppressive interactions in each eye of amblyopic observers and strabismic observers with no loss of visual acuity. Based on contemporary neurophysiology, our results suggest an early, higher-order processing deficit in amblyopia. We further speculate that early abnormal visual experience may result in predominantly inhibitory cortical networks.
